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Abstract

Background Risk factors of surgical site infection (SSI)
after hepatectomy under the guideline of Centers for Dis-
ease Control and Prevention (CDC) are not well examined.
Methods Hospital records of consecutive patients who
underwent hepatectomy without biliary reconstruction for
liver cancers were reviewed retrospectively. Prophylactic
antibiotics were given to patients just before skin incision
and every 3 hours during the operations. Clinicopatholog-
ical factors were compared between patients who
developed SST and those without it.

Results  There were 405 patients identified, and the inci-
dence of SSI was 23 cases (5.8%). In multivariate analysis,
intraoperative bowel injury, blood loss >2000 ml, and age
older than 65 years were significant risk factors of SSI after
hepatectomy.

Conclusions Prophylactic antibiotics were necessary cnly
during the operation for most patients who underwent
hepatectomy without biliary reconstruction. However,
patients with intraoperative bowel injury, blood loss
>2000 ml, and age older than 65 years are at risk to
develop SSI and might need additional administration of
prophylactic antibiotics after surgery.

Introduction

Use of antibiotics is one of the main techniques to prevent
surgical site infection (SSI) after surgery. There has been
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tremendous accumulation of evidence during the last three
decades with regard to the optimal methods of its admin-
istration [!]. The Centers for Disease Control and
Prevention (CDC) recommended in its 1999 guideline to
maintain therapeutic levels of prophylactic antibiotic dur-
ing the operation and, at most, a few hours after closure of
incisions [!}. However, it is well known that incidence of
SSI is greatly influenced by patients’ underlying general
status and perioperative factors [1]. Disease and procedure-
specific risks and use of prophylactic antibiotics are not
well examined, except for colorectal surgery {4, 3], open
heart surgery [6], cholecystectomy [7, #], etc.

It is suggested that hepatectomy suppresses Kupffer cell
and T-cell function significantly, which renders patients
immunosuppressive [9]. Postoperative infection, including
SSI, deteriorates hepatic failure in cases with limited
hepatic functional reserve. There is a wide variety in
operation time, blood loss, transfusion requirement, etc.,
depending on the extent of parenchymal resection.
Underlying cirrhosis and hypoalbuminemia inhibits normal
wound healing [1(}], However, perioperative factors that
should be considered a significant risk to develop SSI after
hepatectomy have not been clear. The purpose of this study
was to analyze the risk factors of SSI after hepatectomy
with prophylactic antibiotics under CDC guideline and to
clarify who might benefit from additional administration of
prophylactic antibiotics after operation.

Materials and methods

Patients who underwent hepatectomy for liver cancers
from November 2002 to December 2006 at National
Cancer Center East Hospital, Kashiwa, Japan, were iden-
tified and reviewed retrospectively. Patients who
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underwent hepatectomy without biliary reconstruction
regardless of diagnosis were included in the study. Patients
who underwent cholecystectomy along with hepatectomy
were included in the study, but those who underwent
simultaneous procedures, such as colorectal resection or
stoma closure, were excluded from the study.

The extent of hepatectomy was evaluated according to
the disease progression, liver function, and general condi-
tion of patients [11]. Tumor progression and resectability
was assessed by imaging studies, such as contrast enhanced
computed tomography (CT) scans, magnetic resonance
imaging (MRI), hepatic arterial angiography, ultrasound,
and chest x-ray. Liver function was assessed by liver bio-
chemistry test, Child-Pugh grade [12], and the indocyanine
green retention rate at 15 minutes [13]. All patients were
reviewed before surgery at weekly conferences by hepatic
surgeons, medical oncologists, and interventional radiolo-
gists to discuss whether the planned procedures were
appropriate. Hepatic resection was performed under intra-
operative ultrasonographic guidance by the pean fracture
method with or without inflow occlusion (Pringle’s
maneuver). Anatomic hepatectomy was performed when-
ever possible, whereas partial resection was performed in
consideration of limited liver functional reserve or ana-
tomic location of the tumor. During parenchymal resection,
all blood vessels and bile ducts were ligated whenever
possible with 2-0 or 3-0 braided silk or vessel clip. One or
two closed drains were inserted at the end of operation in
the right subphrenic space or wherever close to the resected
liver parenchyma. Drains were removed when no reblee-
ding or bile leakage was observed on postoperative day
(POD) 3 or 4.

SSI was defined as a condition in which purulent dis-
charge was observed from any incision or space that was
manipulated during an operation within 30 days after the
operation with or without microbiological evidence as in
the guideline issued by CDC [2], and it was identified
retrospectively by reviewing clinical records of patients
who underwent hepatectomy. Remote site infection was
defined as a condition in which fever and leukocytosis were
present with bacteria in sputum, urine, catheter-tip, blood,
or other body fluid/space, or according to the physician’s
judgment regardless of microbiological evidence.

Patients were usually given two doses of cefazolin as
prophylactic antibiotics. One gram of cefazolin was
administered to patients within 30 minutes before skin
incision and another dose 3 hours later. When the operation
lasted more than 3 hours, additional doses were given
every 3 hours thereafter during the operation. No antibi-
otics were given after incisions were closed if patients had
already received two doses of cefazolin.

All data were compiled in a database for analysis
(Microsoft Excel and SPSS 11.0J for Windows).

Differences between numerical variables were tested with
Mann-Whitney U test and those between categorical vari-
ables were tested with y? statistics. Multivariate analysis
was performed with logistic regression test. p < 0.05 was
deemed significant.

Results

During the period of study, 405 patients underwent hepa-
tectomy without biliary reconstruction for primary or
secondary liver cancers at National Cancer Center East
Hospital, Kashiwa, Japan. Of these 405 patients, 23
patients (5.8%) developed SSI (incisional, 20; organ/space,
3). Incisional SSIs were treated by opening incisions and
organ/space SSIs were treated by drainage under ultra-
sound guidance. The patient characteristics and
demographic variables are listed in Table 1. No differences
in these basic characteristics, except age, were observed
between patients with SSI and those without it. Mean age
of patients with SSI was 68.2 years and was statistically
older than those without SSI. A cutoff value of aged
65 years had the highest statistical power (p = 0.016).
Patients’ ASA score, comorbidities, and underlying liver
pathology were statistically similar between the two
groups.

Culture results of infecting organisms included Bacte-
roides faragilis (n = 3), Staphylococcus aureus (n = 2),
Klebsiera oxytoca (n = 1), Serratia marcescens (n = 1),
Escherichia coli (n= 1), Streptoccoccus anginosus
(n = 1), Streptococcus constellatus (n = 1), Enterobacter
cloacae (n = 1), Citrobacter braakii (n = 1), Citrobacter
freundii (n = 1), Corynebacterium species (n = 1), and
Candida species (n = 1).

The perioperative variables are listed in Table 2. Oper-
ation time, red blood cell (RBC) transfusion requirement,
RBC transfusion volume, and intraoperative bowel injury
were statistically different between the two groups. Blood
loss did not reach statistical significance, but cutoff value
of 2000 ml had the significant power to predict SSI
(p = 0.003). Multivariate analysis of those variables found
that intraoperative bowel injury, blood loss >2000 ml, and
age older than 65 years were the significant risk factors to
develop SSI after hepatectomy without biliary reconstruc-
tion (Table 3). Rates of SSI increased dramatically with the
number of risk factors present (Fig. 1). Patients with two or
more risk factors were statistically more likely to develop
SSI than those with none or only one risk factor.

During the same period, three patients died within
30 days from the operations. One patient died from pul-
monary embolism on POD 3, another died from brain
stroke on POD 3, and the other died from esophageal varix
rupture on POD 9. Incidence of remote site infection was
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Table 1 Patient characteristics

and demographic variables for SSI(—) (N = 382) SSI(H) (N =23) P value
patienls.with SSI compared with Age (yr)* 637 + 0.5 68.2 + 2 0.034
those without it b
>65 194 (50.9) 18 (78.3) 0.016
<65 188 (49.1) 5@17n
Gender" 0.809
Male 285 (74.6) 18 (78.3)
Female 97 (25.4) 5@21.7)
Body mass index (kg/mz)a 238 £ 0.6 236 +£0.7 0.583
Diabetes mellitus® 75 (19.6) 1 (4.5) 0.095
ASA score” 0.488
i 111 (29.5) 7 (30.4)
2 243 (64.6) 16 (69.6)
3 22 (5.9)
Diagnosis® 0.566
HCC 239 (62.6) 13 (56.5)
Metastases 126 (33) 8 (34.8)
Others 16 (4.5) 2 8.7
Viral hepatitis serology® 0.858
# Mann-Whitney U test HBY 51(14) 3(13)
b2 test HCV 141 (38.7) 8 (34.8)
Data are numbers with HBV and HCV 7(1.9)
percentages in parentheses or Liver parenchyma® 0.758
means + standard error of the Chronic hepatitis 105 (29.6) 9 (39.1)
Z‘;Z"A ity of Liver cirrhosis 93 (26.2) 5Q2L7)
anesth;:g{g;; e Child class® 0.634
hepatocellular carcinoma, HBV A 355 (94.4) 21 (91.3)
hepatitis B virus, HCV hepatitis B 21 (5.6) 2(8.7)
C virus, ICGISR indocyanin ICG1SR* 14.6 4 0.4 155+ 1.6 0.571

green 15 min retention rate

11 (2.5%) (pneumonia (n = 6), urinary tract infection
(n = 1), catheter infection (n = 1), epididymitis (n = 1),
unknown origin (n = 2)). Other morbidities included bile
leak (n = 9), retractable ascites (n = 6), ileus (n = 4),
transient renal insufficiency (n = 4), rebleeding (n = 3),
pleural effusion (n = 3), skin rash (n = 2), poor oral intake
(n = 2), delirium (n = 1), transient heart failure (n = 1),
pulmonary embolism (n = 1), upper gastrointestinal
bleeding (n = 1), wound dehiscence (n = 1). There were
four reoperations for three rebleedings and one wound
dehiscence.

Discussion

Our study clearly demonstrated the risk factors of SSI after
hepatectomy with prophylactic antibiotics under the CDC
guideline. Intraoperative bowel injury, blood loss

>2000 ml, and age older than 65 years were the significant
risk factors. Although both alimentary tract surgery and
hepatobiliary surgery are classified as clean-contaminated

@ Springer

[14], biliary tract without calculus is normally sterile
contrary to the alimentary tract, which has high bacterial
densities [15, 16]. Intraoperative bowel injury is suspected
to contaminate surgical field of hepatectomy without bili-
ary reconstruction and to increase the risk of SSI. Blood
loss reduces the concentration of antibiotics and is found to
be a risk factor of SSI [17, 18]; 1500 ml to 2000 ml of
blood loss is the suggested threshold to administer addi-
tional doses of cefazolin to maintain a concentration higher
than the minimum inhibitory concentration for the common
infecting organisms [19, 20]. Our threshold of 2000 ml of
blood loss is compatible with previous findings. Elderly
patients also are reported to be susceptible to SSI [18, 21].
Because aging involves complex physiologic changes, it is
difficult to clarify a definitive mechanism of the vulnera-
bility of elderly patients. Reduction in immune function is
one suggested mechanism [10].

Rates of SSI increased dramatically with the number of
the three risk factors present (Fig. 1). According to the
National Nosocomical Infections Surveillance (NNIS)
report, rates of SSI after hepatopancreaticobiliary complex
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vassbles for puients with SST SIOON=38)  SIHN=2) P uilue
compared with those without it 5 raion time (min)® 210 + 19 269 + 23 0.021
>300° 68 (17.8) 9 (39.1) 0.017
<300 313 (82.2) 14 (60.9)
Pringle time (min)® 63.3 £ 2.1 759 +£ 9.7 0.259
None® 26 (1.3) 0 (0) 0.23
>0 331 (92.7) 20 (100)
Repeat resection” 110 (28.8) 4(17.4) 0338
Blood loss (ml)* 1070 + 69 1928 X 470 0.068
=2000° 50 (13.2) 9 (39.1) 0.003
<2000 332 (86.8) 14 (60.9)
RBC transfusion (ml)* 177 £ 29 537 £ 192 0.003
None® 297 (78.2) 12 (52.2) 0.009
>0 83 (21.8) 11 (47.8)
Intraoperative bowel injuryb 3 (0.8) 4 (17.4) <0.001
Bile leak® 7(1.8) 2(22.2) 0.087
Resected segments (Couinaud)® 0.96
<2 285 (74.8) 16 (69.6)
2-3 42 (1) 3(13)
. ) >4 54 (14.2) 4(17.4)
_ Mann-Whitney U test Resected weight (g)° 21 % 19 269 + 77 0.281
1 test 4 Largest tumor size (cm)® 38402 3.7+ 04 0.253
]p)ear?es:zgr;lsn?: ;r:r:xltttt:eses or NNIS index” 0.184
means * standard error of the 0 293 (76.9) 14 (60.9)
mean 1 86 (22.6) 9 (39.1)
RBC red blood cell, NNIS 2 2 (0.5)
national nosocomical infection  pogioperative length of stay® 102 + 02 237 + 5.7 <0.001
surveillance
p=0.36
Table 3 Multivariate analysis of SSI risk factors
P value  Odds ratio 100%
(95% confidence intervals) 0o
Age >65 yr 0.027 3.4 (1.15-10.05) 8 8or
Blood loss >2000 ml 0.004 4.4 (1.63-11.91) 5 ok
Intraoperative bowel injury ~ <0.001 20,08 (4-100.8) ;
RBC transfusion 0.62 1.51 (0.31--7.42) § 40F
Operation time >300 min 0.67 1.35 (0.34-5.32) &
SSI risk factors identified by univariate analysis were compared by 2
multivariate analysis (logistic regression test) 0 i

surgery range from 3.24-7.04% [22]. Other reported rates
of SSI after hepatectomy range from 4.6-25.2% [23, 24].
Compared with those previously reported rates, the rates of
SSI for patients with none or only one risk factor, 1.9% and
4.3% respectively, are considered allowable. Prophylactic
antibiotics for hepatectomy without biliary reconstruction
are necessary only during operations for patients with none
or only one risk factor. However, patients with two or more
risk factors developed SSI at statistically higher rates.
Fujita et al. [4] reported that two additional doses of

0 i 2 3
37161 /21 (11/32) (1/1)

The number of risk factors present
(incidence of SSI)

Fig. 1 Rates of SSI increased with the number of risk factors present.
Rates of SSI were not statistically different between patients with one
risk factor and those without any factors. However, patients with two
or more risk factors developed SSI at a significantly higher rate than
those with none or only one risk factor

postoperative antibiotics reduced the incidence of inci-
sional SSI from 14.2% to 4.3% compared with single-dose
preoperative administration in elective colorectal surgery

@ Springer
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[4]. Additional administration of postoperative antibiotics
maintains therapeutic levels for longer hours and reduces
the incidence of SSI more effectively for patients at higher
risk. Although there have been no published data con-
cerning the effectiveness of postoperative administration of
antibiotics in hepatectomy, Fig. | illustrates that patients
with two or more risk factors may receive some additional
doses of postoperative antibiotics as in colorectal surgery.
Appropriate doses of additional antibiotics are matters to
be discussed.

There were five infecting organisms that were resistant
to cefazolin: Bacteroides fragilis, Enterobacter, cloacae,
Serratia marcescens, Corynebacterium species, and Citro-
bacter species. Because some patients lack microbiologic
data, a definitive conclusion about the optimum choice of
prophylactic antibiotics was not possible. However, it is
evident that cefazolin alone was effective for most patients
who underwent hepatectomy without biliary reconstruc-
tion. Two of the seven patients with intraoperative bowel
injury developed SSI with Bacteroides fragilis. Because
likely pathogens in alimentary tract surgery are gram-
negative bacilli and anaerobes [2], postoperative antibiotics
with anaerobic coverage might be more effective for
patients with intraoperative bowel injury.

Postoperative infections, especially organ/space SSI,
sometimes deteriorate hepatic function and may cause
mortalities. We experienced 23 SSIs and 11 remote site
infections, but none of the patients died from those infec-
tions. We speculate that our strict evaluation of extent of
hepatectomy using CT volumetry and liver function test
precluded some excessive hepatic resection and saved
postoperative hepatic function. Postoperative infection is
more likely to occur in patients with hepatic dysfunction
[25]. Our relatively low rate of major hepatectomy in
consideration of hepatic functional reserve might be related
to the fewer incidence of SSI.

RBC transfusion requirement and operation time were
significant risk factors of SSI in univariate analysis, but
not in multivariate analysis. Transfusion has immunosup-
pressive effects on postoperative patients via reductions in
natural killer cell number and cytotoxic T-cell function
{26, 27] and is reported to be a risk factor of SSI in
colorectal surgery [2%, 9]. However, controversy exists
concerning the causal relationship between transfusion and
SSI [34)], and a recent meta-analysis denies the association
between transfusion and postoperative infection [31]. Our
result is consistent with the meta-analysis. Operation time
is another reported risk factor of SSI [iX]. Cefazolin
exhibits time-dependent decrease in serum and tissue
concentration, and additional administrations are recom-
mended every 3 or 4 hours during operation to maintain
therapeutic levels of cefazolin [2]. Because all of our
patients received a second dose of cefazolin at 3 hours

@ Springer

from incision, serum and tissue concentration of cefazolin
was expected to exceed therapeutic levels during the
whole time of operations for most patients. Influence of
operation time on the incidence of SSI was suspected to be
minimized with additional dose of cefazolin at 3 hours
from incision.

Abdominal drainage after elective hepatectomy is con-
troversial. Some randomized, controlled trials (RCTs)
reported increased incidence of SSI and other morbidities
associated with abdominal drainage and denied the routine
placement of drainage catheters [32, 33]. However, the
routine drainage group in those RCTs had drainage cath-
eters placed for at least 5 to 9 days, which was
unnecessarily long. We almost routinely placed drainage
catheters but removed them on POD 3/4 or earlier if
postoperative bleeding and bile leakage were denied. Early
removal of prophylactic drains prevents intra-abdominal
infections {34]. We do not consider that abdominal drain-
age causes more infections if drains are removed on POD
3/4 or earlier.

Our study has several limitations. First, SSI was detec-
ted indirectly by retrospectively reviewing patient records
and laboratory data. It has been suggested to be a less
accurate method than prospective direct observation of
surgical sites [2]. Some SSI might be possibly undetected
because of inappropriate patient records. However, indirect
case-finding by reviewing daily records and laboratory data
is the most widespread method of surveillance in the
medical literature. Its reported sensitivity is as high as
83.8-92.3% compared with prospective direct finding of
SSI [35]. Since then, we do not consider that our surveil-
lance method precludes the importance of our findings.
Second, it is a single-center study. Our department is one of
the highest volume centers in Japan and performs 250
hepatopancreaticobiliary cancer surgeries in a year. Also,
we do not perform operations on patients with end-stage
renal disease on dialysis due to inadequacies of dialysis
facilities. Our relatively low rate of SSI incidence may be
attributable to the high volume of cases and to the patient
selection.

Conclusions

Our study demonstrated that prophylactic antibiotics were
necessary only during operations and, at most, a few hours
after closure of incisions in most of the patients who
underwent hepatectomy without biliary reconstruction.
However, patients with intraoperative bowel injury, blood
loss >2000 ml, and age older than 65 years were at risk for
developing SSI. Patients with two or more risk factors may
receive additional doses of postoperative antibiotics to
prevent SSI more effectively.
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Abstract

Background A major challenge in laparoscopic liver
resection to avoid massive hemorrhage from the transec-
tion plane.

Methods This study investigated 32 consecutive patients
who underwent laparoscopic or laparoscopically assisted
hepatic resection and had the hepatoduodenal ligament
encircled by vessel tape using an Endo Retract Maxi as a
tourniquet for complete interruption of blood inflow to the
liver.

Results  Laparoscopic encircling of the hepatoduodenal
ligament was performed in a few minutes without any
complications for any of the 32 patients.

Conclusions Laparoscopic Pringle’s maneuver using an
Endo Retract Maxi can be performed easily for all patients
undergoing laparoscopic liver resection.

Keywords Hepatectomy - Laparoscopy -
Pringle’s maneuver

Minimally invasive surgery has become widely accepted as
a superior alternative to conventional open surgery in many
gastrointestinal fields. Moreover, recent rapid develop-
ments in technological innovations, improved surgical
techniques, and accumulation of extensive experience by
surgeons have improved the feasibility and safety of lap-
aroscopic liver surgery [I-]. However, laparoscopy for
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liver resection remains a highly specialized field because
laparoscopic liver surgery presents severe technical diffi-
culties, such as control of hemorrhage from the transection
plane.

Laparoscopy for major liver resection remains uncom-
mon, partly because of the potential for massive
hemorrhage. In particular, hepatocellular carcinoma usu-
ally occurs from a cirrhotic liver, which often causes
bleeding problems. In addition, massive intraoperative
blood loss is a good predictor of postoperative morbidity
and mortality for patients who undergo liver resection for
hepatic malignancies [5, 6]. Intraoperative inflow occlusion
of the liver has thus been recommended to reduce blood
loss during liver resection [7, 8].

Although various techniques of hepatic vascular control
have been presented, Pringle’s maneuver, the oldest and
simplest, still is favored by many surgeons. However,
laparoscopic encircling of the hepatoduodenal ligament can
prove difficult because the field of view is narrow and the
surgeon’s blind spot may lead to unexpected bleeding or
injury under laparoscopy.

In this report we describe a new technique whereby any
surgeon with minimal or no laparoscopic experience can
easily and safely perform Pringle’s maneuver during lap-
aroscopic liver resection.

Surgical procedure

The patient is placed in supine position with legs apart. The
surgeon stands between the legs. A 12-mm trocar is placed
1 cm below the umbilicus, through which carbon dioxide
gas is delivered. Pneumoperitoneum is controlled elec-
tronically to a pressure of 10 mmHg. Additional working
ports are placed to optimize manipulation and mobilization

—228—



Surg Endosc (2009) 23:906-908

907

Fig. 1 (A) Endo Retract Maxi A
in closed position. (B) Endo

Retract Maxi in activated

position. Vessel tape has been
preliminarily fixed to the tip of

the metallic arch

of the liver, as described previously [4]. Laparoscopic
encircling of the hepatoduodenal ligament usually is per-
formed using an Endo Retract Maxi (United Surgical, a
division of Tyco Healthcare Group LP, Norwalk, CT, USA)
to which silicon tape (Vesseloops; Argon Medical Devices,
TX, USA) is fixed preliminarily with suture securing vessel
tape to the tip (Fig. 1). The lesser omentum is sectioned.
Because a space exists between the hepatoduodenal liga-
ment and the inferior vena cava, it is not necessary to divide
any layers other than the lesser omentum.

The Endo Retract Maxi in closed position is inserted via
a 12-mm trocar into the upper median or the left lumbar
quadrant and advanced from an opening through the lesser
omentum to Winslow’s foramen. The metallic arch with
vessel tape then is meticulously extended behind the hep-
atoduodenal ligament, allowing visualization of the tip
with vessel tape at the right side of the hepatoduodenal
ligament (Fig. 2).

Although the Endo Retract Maxi is blindly deployed
between the hepatoduodenal ligament and the inferior vena
cava, the tip can be delivered safely into the right side of the
hepatoduodenal ligament because the blade is blunt. The

£

Fig. 2 The metallic arch of the Endo Retract Maxi is moved behind
the hepatoduodenal ligament (HDL) so the tip with vessel tape is
visualized at the right side of the HDL

vessel tape is grasped with laparoscopic forceps, divided
with laparoscopic scissors, and separated from the Endo
Retract Maxi. The Endo Retract Maxi then is pulled from
the lesser omentum. Both ends of the vessel tape are pulled
from the abdominal cavity to the upper median trocar and
used as a tourniquet for complete interruption of blood
inflow to the liver (Fig. 3). If hemihepatic inflow occlusion
is necessary, the left or right Glissonean pedicles are
encircled using an Endo Retract Maxi at the hepatic hilum,
as described previously [4]. The Nelaton catheter (Terumo,
Tokyo, Japan) through which both ends of the vessel tape
are passed is inserted and pushed via the upper median 12-
mm trocar and secured using the forceps to tighten the
hepatoduodenal ligament down around the pedicle (Fig. 3).

A total of 32 consecutive patients who underwent lap-
aroscopic or assisted hepatic resection at Chiba Cancer
Center Hospital had the hepatoduodenal ligament encircled
by vessel tape using an Endo Retract Maxi as a tourniquet
for complete interruption of blood inflow to the liver if
necessary. In all 32 patients, laparoscopic encircling of the
hepatoduodenal ligament using an Endo Retract Maxi was
easily and rapidly performed without any complications,
even by surgeons with minimal or no laparoscopic
experience.

Discussion

Recent technological developments and improved endo-
scopic procedures have further spread the application of
laparoscopic liver resection. A major challenge with this
procedure is to avoid massive hemorrhage from the tran-
section plane. Pringle’s maneuver has been widely used to
reduce intraoperative blood loss because this technique is
easily performed in conventional open surgery. However,
this maneuver is not so easily performed under laparo-
scopic circumstances because the curve of the laparoscopic
forceps usually is too obtuse to encircle the hepatoduodenal
ligament. In addition, the tip of the laparoscopic forceps is
sharp and hard, and thus has the potential to injure organs
under blind manipulation. Although a biliary scope is very

@__ Springer

—229—



908

Surg Endosc (2009) 23:906-908

Fig. 3 Both ends of the vessel
tape are pulled from the
abdominal cavity to the upper
median trocar (A) and used as a
tourniquet for complete
interruption of blood inflow to
the liver (B)

useful for encircling the hepatoduodenal ligament [9],
preparing and manipulating a biliary scope may be some-
what problematic and time consuming.

For the current procedure, no special instrument except
an Endo Retract Maxi is necessary. Laparoscopic encir-
cling of the hepatoduodenal ligament using an Endo
Retract Maxi was performed in a few minutes without any
of the 32 patients undergoing this approach experiencing
any complications. Although our experience is limited, we
believe that laparoscopic encircling of the hepatoduodenal
ligament using an Endo Retract Maxi is easily performed
for all patients undergoing laparoscopic liver resection.
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Abstract. Several new drugs that are targeted towards various
angiogenic factors have shown considerable potential for
controlling tumor proliferation and metastases. Expression
levels of the targeted genes in primary tumors and metastases
should be understood to maximize the use of such drugs. The
present study aimed to clarify associations between mRNA
levels of cyclooxygenase 2 (COX-2) and angiogenic factors
[vascular endothelial growth factor (VEGF) and interleukin-8
(IL-8)] in primary colorectal cancer and in corresponding
liver metastasis. We also compared these gene expressions of
primary colorectal cancer between patients with and without
liver metastasis. In 31 pairs of formalin-fixed and paraffin-
embedded primary and metastatic liver tumors as well as 27
specimens of consecutive stage II patients without recurrence,
mRNA was quantified by real-time reverse transcription-
polymerase chain reaction following the laser capture
microdissection. We found a significantly positive
correlation in IL-8 between primary tumors and matched
liver metastases (p=0.034, r=0.39) and in VEGF (p=0.0083,
r=0.48), but not in COX-2, which was associated with both
VEGF (p=0.044, r=0.37) and IL-8 (p=0.0004, r,=0.64) in
primary colorectal cancers. Multiple regression analysis
revealed that COX-2 was independently associated with IL-8
(p<0.0001). There were no differences in mRNA levels
between patients with and without liver metastasis. The
mRNA levels of VEGF and IL-8 in liver metastasis can be
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predicted from those in primary colorectal cancer. COX-2
might exert angiogenic activity more through the IL-8, than
the VEGF pathway. These angiogenic factors were
sufficiently up-regulated before hematogenous metastasis.
These preliminary data merit further validation studies.

Introduction

Colorectal cancer is a worldwide leading cause of cancer death
(1,2). The most promising treatment for patients with colorectal
cancer is curative resection, but this is sometimes impossible.
Some patients with colorectal cancer constantly relapse despite
curative resection (3). Molecular targeting therapy has recently
been developed for advanced colorectal cancer. Various drugs
targeting anti-angiogenesis have improved the survival of
patients with metastatic colorectal cancer (4), because angio-
genesis is essential for tumor growth (5).

Interleukin-8 (IL-8) is a pro-inflammatory chemotactic
cytokine that stimulates the migration of cells including
neutrophils, monocytes, lymphocytes, and fibroblasts (6-9).
The angiogenic activity of IL-8 produced by monocytes
and macrophages was originally demonstrated in 1992 (10).
Several investigators have reported that I1L-8 is also secreted
by some human colorectal cancer cells. Studies have shown
that the range of IL-8 expression is 45-74% in colorectal
cancer (11,12). However, details of IL-8 messenger RNA
(mRNA) expression in colorectal cancer and corresponding
liver metastasis remain unclear.

Senger et al originally identified the vascular endothelial
growth factor (VEGF), which promotes angiogenesis, in
1983 (13). Bevacizumab is a monoclonal antibody to VEGF
that has improved the survival of patients with metastatic
colorectal cancer when combined with other chemotherapies
4).

Cyclooxygenase (COX) is a key enzyme that is involved
in the conversion of arachidonic acid to prostaglandins.
The COX-2 isoform is expressed in most organs, but can be
up-regulated by various factors including cytokines, growth
factors and tumor promoters (14,15). Recent studies have
demonstrated that COX-2 inhibitors exert angiogenic effects
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in colorectal cancer (16,17). However, the association of
mRNA between COX-2 and angiogenic factors in colorectal
cancer remain unclear.

Several novel drugs that are targeted towards various
angiogenic factors have shown considerable potential for
controlling tumor proliferation and metastasis. To maximize
the effects of such drugs, correlations between expression
levels of targeted genes in primary tumors and metastases
should be determined. The present study examines asso-
ciations between the mRNA levels of COX-2 and angiogenic
factors such as VEGF and IL-8 in primary colorectal cancer
and in corresponding liver metastasis. We also evaluated the
association between COX-2 and angiogenic factors.

Patients and methods

Patients. We enrolled 31 patients who had undergone surgical
resection for both primary colorectal cancer and liver metastasis
between April 1997 and June 2005 at Tokyo Medical and
Dental University Hospital. Of these, 18 and 13 had meta-
chronous and synchronous liver metastases, respectively.
The median time from primary resection to hepatectomy
was 20 months. We compared mRNA expression between
primary colorectal cancer and corresponding liver metastases.
We also enrolled 27 patients who had undergone curative
resection for stage Il colorectal cancer between January
1998 and August 2001 and who had not relapsed during a
median follow-up of 4.8x1.1 years. We then compared mRNA
expression between the 31 patients with liver metastasis
(Group 1) and the 27 stage 11 patients without relapse
(Group 2). Patients with ulcerative colitis, Crohn's disease,
or familial adenomatous polyposis were excluded from this
study, which was approved by the institutional review
board of Tokyo Medical and Dental University, and all
patients provided written, informed consent to participate.
None of the patients had undergone prior radiotherapy or
chemotherapy. Table I summarizes their clinical and histo-
pathological data.

Laser capture microdissection. Formalin-fixed paraffin-
embedded tumor tissue blocks were cut into 10-pm-thick
slices, stained with nuclear fast red (American MasterTech
Scientific, Lodi, CA) and then laser capture microdissection
(P.A.L.M. Microlaser Technologies AG, Munich, Germany)
was applied. This technique allows only tumor cells to be
examined with stromal tissues removed.

RNA isolation and ¢cDNA synthesis. After laser capture
microdissection, RNA was isolated according to the proprietary
procedure of Response Genetics (US patent no. 6,248 ,535)
and then cDNA was prepared from each sample as described

(18).

Quantitative reverse transcription polymerase chain reaction
(RT-PCR). Genes of interest and an internal reference gene
(B-actin) were quantified using fluorescence-based real-time
TagMan detection (ABI PRISM 7900 Sequence Detection
System; Applied Biosystems, Foster City, CA) as described
(19) and the specific mRNA amplification primers and
probes were. listed in Table II. The PCR mixture comprised

Table 1. Clinicopathological characteristics.

Group 1 Group 2 P-value
(n=31 (27 stage 11
with liver without
metastasis) relapse)
Age (years) 6149 69+11 0.0035
Gender
Male 24 15 NS
Female 7 12
Primary site
Cecum 1 0 NS
Ascending colon 3 4
Transverse colon 3 5
Descending colon 2 {
Sigmoid colon 9 9
Rectosigmoid 9 4
Rectum 4 4
Pathology
(differentiation)
Well 12 11 NS
Moderate 17 15
Poor 1 1
Mucinous type 1 0
Depth of tumor
Ti 0 0 NS
T2 2 0
T3 21 25
T4 8 2
Lymph node
metastasis
NO 9 27 <0.0001
NI 13 0
N2 9 0
Lymphatic invasion
Absent 4 8 0.013
Minimal 13 17
Moderate 12 2
Severe 2 0
Venous invasion
Absent 0 5 NS
Minimal 13 11
Moderate 11 8
Severe 7 3

1,200 nmol/l of each primer, 200 nmol/l probe, 0.4 U of
AmpliTaq Gold Polymerase, 200 nmol/l each of dATP,
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Table II. Primer and probe sequences of analyzed genes.

Sequences

COX-2
Forward primer
Reverse primer

5-GCTCAAACATGATGTTTGCATTC-3'
5'-GCTGGCCCTCGCTTATGA-3'

Probe 5“(FAM)TGCCCAGCACTTCACGCATCAGTT(TAMRA)-3'
IL-8

Forward primer 5-CAGCTCTGTGTGAAGGTGCAGTT-3'

Reverse primer 5-GGGTGGAAAGGTTTGGAGTATGTC-3'

Probe S“(FAM)TGCACTGACATCTAAGTTCTTTAGCACTCCTTGGC(TAMRA)-3'
VEGF

Forward primer 5-AGTGGTCCCAGGCTGCAC-3'

Reverse primer 5'-TCCATGAACTTCACCACTTCGT-3'

Probe S“(FAM)ATGGCAGAAGGAGGAGGGCAGAATCA(TAMRA)-3'
B-actin

Forward primer
Reverse primer

5-TGAGCGCGGCTACAGCTT-3
5S-TCCTTAATGTCACGGACGATTT-3'

Probe 5S“(FAM)ACCACCACGGCCGAGCGG(TAMRA)-3'

dCTP, dGTP, dTTP, 3.5 mmol/l MgCl,, and 1X TagMan
buffer A containing a reference dye in a final volume of 20 ul
(all reagents were supplied by Perkin-Elmer Applied Bio-
systems). The cycling conditions comprised S0°C for 2 min
and 95°C for 10 min followed by 46 cycles at 95°C for 15 sec
and 60°C for 1 min. Gene expression is expressed as ratios
(relative mRNA levels) between genes of interest and the
internal reference B-actin gene. All samples were amplified
in triplicate.

Statistical analysis. Data were statistically analyzed using the
StatView statistical package (StatView 5.0, Abacus Concepts,
Inc., Berkeley, CA, USA). All data are expressed as median
+ standard deviation. We compared the mRNA levels of
genes of interest between primary colorectal cancer and
corresponding liver metastasis using the Wilcoxon's signed-
rank test. Spearman's rank correlation analysis determined
correlations between mRNA levels of primary tumor and
liver metastases and associations between mRNA levels of
COX-2 and angiogenic factors. Associations between clinico-
pathological features and mRNA expression were assessed
by the Mann-Whitney U test with two variables and by the
Kruskal-Wallis test with three or more variables. Statistical
significance was established at p<0.05 for all values.

Results

Table I shows the clinicopathological features of the patients.
Those with stage I colorectal cancer whose cancer did not
recur were older than those with liver metastasis (p=0.0035).
The extent of lymph node metastasis and lymphatic invasicn

significantly differed between the two groups (p<0.0001 and
p=0.013, respectively). The mRNA levels of each gene did
not differ between patients with primary colorectal cancer
accompanied by synchronous or metachronous liver metastasis
(Fig. 1A). The mRNA levels of primary tumors also did not
significantly differ between patients with solitary or multiple
liver metastases (Fig. 1B).

Correlation in mRNA expression between primary colorectal
cancer and corresponding liver metastasis. The expression
of COX-2 mRNA did not significantly differ between primary
colorectal cancer and corresponding liver metastasis from
31 patients (Group 1; Fig. 2A). On the other hand, VEGF
values were significantly associated between primary tumor
and matched liver metastasis (Fig. 2B; p=0.0083, r,=0.482)
and IL-8 (Fig. 2C, p=0.034, r=0.39).

Correlation in mRNA expression between COX-2 and
angiogenic factors in primary colorectal cancer. The mRNA
expression of COX-2 significantly correlated with that of
VEGEF in primary tumors from Group 1 patients (Fig. 3A;
p=0.044, r=0.37) and IL-8 (Fig. 3B; p=0.0004, r=0.64).
Multivariate analysis revealed that 1L-8 mRNA and COX-2
mRNA expression was independently associated (Table III;
p<0.0001).

Comparison of mRNA levels between patients with stage II
colorectal cancer without recurrence and those with colorectal
cancer with liver metastasis. The mRNA levels of primary
tumors in Group 1 and 2 patients were as follows: COX-2,

£1+0.55 and 0.59+0.78; 1L-8, 6.17+7.68 and 6.27+13.43
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Figure 1. Messenger RNA expression in primary colorectal tumor of patients with liver metastasis according to: (A), timing of metastasis; and (B), number of
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Figure 2. Correlation of messenger RNA expression between primary
colorectal cancer and corresponding liver metastasis. (A), COX-2; (B),
VEGF; and (C), IL-8.

and VEGF, 4.87+1.64 and 5.50+4.50, respectively. The COX-2
(p=0.55; Fig. 4A), IL-8 (p=0.61; Fig. 4B) and VEGF

=

: p=00083
rs = 0482

VEGF mRNA 1n |iver metastasis

VEGF mRNA in primary tumor

Table III. Multiple regression analysis between COX-2 and
angiogenic factors.

P-value
Gene Multiple regression analysis
COX-2, VEGF 0.14
COX-2,1L-8 <0.0001

(p=0.22; Fig. 4C) mRNA levels did not differ between
Groups 1 and 2.

Discussion

The present study demonstrated positive correlations between
mRNA levels of IL-8 and VEGF, but not of COX-2 in primary
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colorectal cancer and corresponding liver metastases. The
expression of COX-2 in primary colorectal cancer and
liver metastasis has not been examined in detail. Only one
immunohistochemical study has compared COX-2 expression
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in primary colorectal cancer and matched liver metastasis
(20). That study found that immunostaining scores of COX-2
positively correlated between primary colorectal cancer
and corresponding liver metastasis. Our results contradict
these findings, perhaps because they semi-quantified COX-2
protein expression whereas we quantified COX-2 mRNA
levels. However, another explanation could be that COX-2
mRNA expression is more dependent on the surrounding
environment under conditions of liver metastasis. Further
study is required to clarify this issue. Kuramochi et al found
a positive correlation in VEGF mRNA expression between
primary colorectal cancer and matched liver metastasis (21).
Our results support these findings.

Correlations in IL-8 mRNA levels between primary colo-
rectal cancer and corresponding liver metastasis have not
been reported. Rubie et al reported that IL-8 mRNA and
protein expression is up-regulated in colorectal cancer
compared with adjacent normal tissues (22). Anti-angiogenic
therapy for colorectal cancer targeting IL-8 might be developed
soon, and the present results should be applicable at that
time.

Multiple regression analysis revealed a significant cor-
relation between mRNA levels of IL-8 and of COX-2 in
advanced colorectal cancer. To our knowledge, the association
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between COX-2 and IL-8 mRNA expression in colorectal
cancer has not yet been reported. However, details of inter-
actions between COX-2 and IL-8 were not clarified in the
present study. Singh er al reported that COX-2 expression
led to IL-8 induction in breast cancer cells (23). A similar
mechanism might exist in colorectal cancer, because we
found a close correlation between the mRNA levels of
COX-2 and IL-8. Details of the mechanism between COX-2
and IL-8 in colorectal cancer require further investigation
using various strategies.

Since Tsujii et al reported that COX-2 regulates angio-
genesis in colon cancer cells (24), several studies have shown
an association between COX-2 expression and angiogenesis
(16,17). However, our univariate analysis found that COX-2
mRNA expression in primary colorectal cancer positively
correlated with VEGF mRNA levels, whereas multivariate
analysis did not. One reason for this finding might be that
several factors other than COX-2 affect VEGF and thus,
angiogenesis.

The present study found no differences among COX-2,
VEGF, and IL-8 mRNA levels in primary colorectal cancer
between patients with synchronous and metachronous liver
metastases. The mRNA levels of each factor did not differ
between primary tumors from patients with solitary liver or
multiple liver metastases, suggesting that these genes are
already sufficiently up-regulated by the time liver metastases
develop from colorectal cancer. Therefore, the mRNA levels
of these genes might not change with further tumor
advances.

We found no difference in the IL-8 mRNA levels between
TNM stage 11 and 1V primary colorectal cancer. There
were no differences in the COX-2 and VEGF mRNA levels
between two groups, either. These findings suggest that the
1L.-8 as well as COX-2 and VEGF mRNA levels in colorectal
cancer are already sufficiently up-regulated at stage II. Anti-
angiogenic therapy targeting these genes may exert their
effect for patients with stage 11 colorectal cancer as well as for
those with stage IV. To maximally exclude bias, we examined
samples from consecutive patients with stage 11 cancer who
had not developed recurrence for at least 3 years. Terada ef al
reported that the IL-8 levels were lower in T1, than in T2-4
colorectal cancer (25). Therefore, IL-8 might become up-
regulated early. They found higher IL-8 levels in patients
with, than without liver metastases. One explanation for
the difference in the results between their study and ours
might be that they measured IL-8 levels using an ELISA in
only 9 patients with liver metastasis. Further large-scale
investigations are required to clarify this issue.

In conclusion, the present study found no association
between mRNA expression of angiogenic factors and liver
metastasis. The mRNA expression of these angiogenic factors
in colorectal cancer might already be sufficiently up-regulated
before hematogenous metastasis. The angiogenic activity
of COX-2 might be exerted more through the IL-8 than the
VEGF pathway. The mRNA levels of VEGF and IL-8 in
liver metastasis can be predicted from those in primary colo-
rectal cancer. These findings will be useful when considéring
anti-angiogenic therapy for patients with colorectal cancer,
although further studies are required to validate these pre-
liminary data.
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